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To quote from the author’s prologue, “This book is the story of the birth, growth, and future of one of 
the most powerful and dangerous ideas in the history of science: the “gene,” the fundamental unit of 
heredity, and the basic unit of all biological information. Why dangerous?  Because as the author notes: 

“Over the last two decades, genetic technologies have advanced so rapidly that we can decipher 
how several of these genes operate in time and space to enable complex functions.  And we can, 
on occasion, deliberately alter some of these genes to change their function, thereby resulting in 
altered human states, altered physiologies, and changed beings.

This transition – from explanation to manipulation – is precisely what make the field of genetics 
resonate far beyond the realms of science.  It is one thing to try to understand how genes 
influence human identity or sexuality or temperament.  It is quite another thing to imagine 
altering identity or behavior by altering genes.  The former thought might preoccupy professors 
in the neighboring departments of neuroscience.  The latter thought, inflected with both promise  
and peril, should concern us all.”

Explanation – Gene Mapping and Sequencing

Actually, even explanation creates issues.  Since this a history, the author begins with the two great 
advances of the 19th century in genetics, Darwin’s hypothesis that the engine of evolution is the process 
of natural selection and Mendel’s observations on heredity in pea plants.  These were major scientific 
discoveries that led to the concept of a gene and drove 20th century biology, but they also gave us Social 
Darwinism and the concept of eugenics – the betterment of the human race via artificial selection of 
genetic traits and directed breeding of human carries.  Eugenics got its start in Britain and the US (forced 
institution and sterilization of the “feebleminded”) and reached its most virulent form in Nazi Germany.

Today we know that genes are structures that reside on chromosomes that are stings of the DNA 
molecule – the double helix first described by Watson and Crick in 1953.  Genes encode information and 
the “letters” of the code are the four bases of DNA, abbreviated as A, C, G, and T strung along the 
backbone of the helix.  Today scientists are learning read that code. 

 They have learned via gene mapping (locating it to a specific strand of DNA on a chromosome) and 
sequencing (reading the letters of the DNA of the mapped gene) that certain inherited diseases are 
caused by a single variant (mutant) gene. Examples are:  Huntington’s disease, sickle-cell anemia, cystic 
fibrosis, hemophilia B, and Tay-Sachs disease.  Expectant mothers can now be tested for Huntington’s 
disease, cystic fibrosis, Tay-Sachs disease and Downs syndrome (an extra chromosome 21) and have the 
option of terminating the pregnancy if they chose.  Others are theoretically linked to multiple mutations.

Question:  Is termination as a result of gene test acceptable, noting that Downs is a spectrum 
syndrome and many of those with Downs can live very fulfilling lives?  

More recently, human embryos produced by in vitro fertilization (IVF) and even a woman’s eggs prior to 
fertilization can be tested prior to being implanted into a woman’s womb.  Testing is performed on a few 



cells that have been removed from the embryo.  This has no impact on the embryo as the remaining 
cells divide and fill in the gap left by those removed.  Once the tests have been completed, cherry-picked 
embryos possessing the correct genes can be implanted.  The technique is called “preimplantation 
genetic diagnosis” (PGD).  If you selectively implant the ‘correct” embryos and cryopreserve the others 
without killing them, you can select fetuses without aborting them.

Question:  Is selective in vito fertilization (IFV) based on the results of preimplantation genetic 
diagnosis (PGD) an acceptable alternative?  Is there any good reason for cryopreservation of the 
remaining embryos following a successful pregnancy?

Today, testing is limited to monogenic diseases - limitations being a national decision.  The author gives 
the example that the abortion of an embryo carrying a gene with, say, only a 10% chance of developing 
cancer in the future violates the injunction against intervening on low penetration mutations.  

Question:  Is there the “right” number/per cent probability that justifies abortion?

The author also notes testing for gender has been reported as early as 1995.  The record on gender 
preference has not been good, particularly in counties like India and China.  

Question:  Is termination due to gender ever acceptable?  Do we need statutory limitations on 
terminations?  

Since 1994, there has been a test for a mutant BRCA1 gene.  Women with this gene have an 80% (but 
not 100%) lifetime risk of breast cancer – some early in life, some at mid-life and some late in life.   The 
woman diagnosed with BRCA1 then has some significant decisions to make: do they have a prophylactic 
mastectomies and/or ovary removal, have a lifetime of screening and testing, or take a hormonal 
medicine. 

Note: BRCA1 encodes a protein that plays a critical role in the repair of damaged DNA.  If a strand is 
broken, the BRCA1 protein is recruited to the broken edges to repair the gap.  In patients with the 
mutated gene, the mutant BRCA1 is not appropriately recruited and the breaks are not repaired.  The 
mutation thus permits more mutations until the growth-regulatory and metabolic controls on the cell 
are snapped, ultimately leading to breast cancer.

Question:  Is knowledge about a genetic predisposition (like a mutant BRCA1 gene) to a disease really 
helpful?  If you were a woman, would you want to know?

Question: And what do you believe that those women diagnosed with the mutant BRCA1 gene tell 
their daughter, sisters, etc.?

An interesting side issue:  A private company, Myriad Genetics was the first to isolate the BRCA1 gene 
and was granted a patent for the BRCA1 sequence.  Is that right?  They didn’t really invent anything.  
They sequenced a human gene.  



Question: Is this really a legitimate application of intellectual property law to paten a genetic 
sequence, even if the courts have said so?

As the author points out, the BRCA1 mutation is the easy case.  He notes that schizophrenia and bipolar 
disorder (that are prevalent in the author’s family) are diseases caused by multiple genes, but with much 
lower penetrance (probability of the diseases manifesting themselves during a lifetime).  At the same 
time researchers are discussing the prospect of being able to diagnose every mutation in a growing fetus 
by sampling the scraps of fetal DNA that spill naturally into maternal blood (i.e., non-invasive testing).  

Note: Most genes intersect with other triggers – environment, chance, behaviors, or even parental and 
prenatal exposures --  to determine an organism’s form and function, and its consequent effects on the 
future.  Most of these interactions are not systemic’ they happen as a result of chance.  So the best we 
will be able to do is to predict the probability of a disease based on genetic mutations.

The author observes that until recently, three principals have guided the arena of genetic diagnosis and 
intervention. 

• Diagnostic tests have largely been restricted to gene variants that are single powerful 
determinants of illness where the likely of developing the disease in close to 100%

• The diseases caused by these mutations have generally involved extraordinary suffering or 
fundamental incompatibilities with “normal life.”

• Justifiable interventions have been defined through social and medical consensus and all 
interventions have been governed by complete freedom of choice

Question:  What decisions does a parent make if some of the mutations associated with schizophrenia 
and bipolar disease are detected?  Abortion?  Or do they do nothing and just worry abfor the rest of 
their lives?

For another example, see the following from September 11’s New York Times:  
http://www.nytimes.com/2016/09/07/opinion/passing-my-disability-on-to-my-children.html?
ref=todayspaper&_r=0. 

Manipulation – Gene Therapy

Gene therapy is a relatively recent process where a gene or modified gene is delivered into cells, typically 
using a virus.  The author describes two “flavors” of gene therapy:

 Modifying the genome of a non-reproductive cell, say a blood, brain, or muscle cell. The 
modification affects their function but does not alter the human genome for more than one 
generation.  Today, the FDA has allowed many trials of gene therapy in non-germline cells.  

An example is the 2014 announcement of a successful use of gene therapy to treat hemophilia 
B, in which the clotting factor IX is mutated.  Patients were injected with a single dose of a virus 
carrying a gene for factor IX.  

http://www.nytimes.com/2016/09/07/opinion/passing-my-disability-on-to-my-children.html?ref=todayspaper&_r=0
http://www.nytimes.com/2016/09/07/opinion/passing-my-disability-on-to-my-children.html?ref=todayspaper&_r=0


Another, described in the September issue of National Geographic, cures a retinal disease called 
Leber congenital amaurosis (LCA) caused by a mutant gene called RPE65.  A solution carrying a 
benign virus laden with a non-mutated, healthy RPE65 gene is injected near damaged 
photoreceptor cells.  The virus delivers the healthy genes, and the protein products of these 
genes allow the photoreceptor cells to translate light into sight.

 A more radical form where the change affects reproductive cells and is propagated from one 
generation to the next.  This is referred to as the germline. This could be accomplished by 
introducing the change into embryonic stem (ES) cells, cells that have the property that they give 
rise to every cell type in the organism – blood, brains, intestines, muscles, bone, skin, and ES 
cells.  Genes could be inserted or excised from an organism’s genome. Mixed with cells from an 
early embryo, they can be implanted into the womb.  

Early efforts at gene therapy used a technique called Recombinant DNA, where scientists cut nucleotides 
from the genes or one organism and pasted them into the non-reproductive genes of another in order to 
introduce the desired traits.  From the start, scientists realized if they could transfer DNA between 
species, they might inadvertently shift viruses and other pathogens between organisms too.  That could 
cause unanticipated diseases for which there would be not natural treatment or cure.  The consequence 
was that molecular scientists from around the gathered at the Asilomar Conference Grounds in California 
in 1975 and generated a series of safeguards, including laboratory security to minimize the risks of 
proposed procedures.

Note: The author points out that there was sharp disagreement among the participating scientists as the  
degree of limitations to be placed on further research and in fact, whether there should be any 
limitations at all.  It was only at the end after a panel of five lawyers identified the potential liabilities if a  
researched were infected by a recombinant microbe, that a near unanimous agreement on the 
restrictions was reached.  A win for the lawyers! 

The technique for doing the targeting change is a new technology (announced in 2012) called CRISPR 
(Clustered Regularly Interspaced Short Palindromic Repeats)/Cas9.   Cas9 is a naturally occurring protein 
that can slice a DNA molecule.  Researchers found it in species of cheese-producing and yogurt-making 
bacteria.  The bacteria had evolved a mechanism that utilized an RNA messenger encoded in the 
bacterial genome that matched and recognized the DNA of an attacking virus.  Once the viral DNA had 
been recognized and matched as foreign, the Cas9 protein is deployed to cut the invading DNA and 
paralyze the virus.

Researchers recognized that if they substituted the recognizing RNA with a decoy that would recognize a 
specific DNA string that they wanted to modify, the Cas9 protein could perform the desired cut at the 
desired location in a cell’s DNA.  Then by flooding the cell with the desired modified DNA, the cells 
natural repair system would repair the excised DNA with the modified DNA.  

Possible applications



Recall the discussion on Tay-Sachs disease under the heading “Explanation” and the ability to terminate 
pregnancies when the fetus is shown to have the defect.  Now consider the possibility of using 
CRISPR/Cas9  to treat the one parent’s contribution, say the father’s sperm, to ensure that the child did 
not receive two copies of the gene, and hence the disease.  

Utilizing CRISPR/Cas9 on stem cells, researchers would be very close to having the capability of altering 
the genome of a species that would be passed on to future generations.  The figure on the last page is 
from an article in the September issue of “Scientific American.” It describes a mechanism that would fix a 
genetic mutation that causes a form of male infertility – for all generations.  As noted in the Scientific 
American article, this would push society right up to the brightest red line in contemporary biology: 
altering the genetic text of the human species in a way that is passed down to future generations.

The article does note that British researchers reported last fall that had used gene-editing techniques to 
alter the immune cells of an infant battling leukemia.  This would not affect the germline, which is 
important.  It’s on this side of the “red line.”

As another example, an article in the September 17th – 23rd issue of “The Economist” proposed 
mechanisms for fighting the Zike virus.  One proposal is to release Aedes aegypti  (the carrier) mosquitos 
whose genomes have been modified using CRISPR to inhibit sexual reproduction and that the changes 
would be inherited by any off spring that are produced.  If effect, the species could possibly be entirely 
wiped out within a few generations.  No one knows what the collateral impact that might have on the 
environment, for example on species that feed on the mosquito.

Another example described in the August 2016 issue of National Geographic would be to use 
CRISPR/Cas9 to eradicate Lyme disease, which is caused by a bacterium transmitted by ticks that 
commonly feed on whited-footed mice.  If resistance to Lyme could be edited into the mice’s DNA using 
the embryonic stem cell approach, the disease might be reduced or eliminated with little (obvious) 
ecological impact.

Other examples from the August issue:

 Use CRISPR to rid pigs of viruses called PERV’s (porcine endogenous retroviruses, which are 
similar to the AIDS and have been shown to be caple of infecting humans) that prevent their 
organs from being transplanted into humans

 Working with animal models, researchers have used CRISPR to correct major genetic flaws, 
including the mutations responsible for muscular dystrophy, cystic fibrosis, and one form of 
hepatitis.

Looking forward, we can imagine using CRISPR/Cas9 techniques to alter genes associated with 
schizophrenia and bipolar disorder, or intelligence, or tallness, or beauty (Donald Trump would like that). 

As noted in the previously cited issue of National Geographic, which quotes Hank Greely of Stanford’s 
Center for Law and the Biosciences, “the potential good we can do is immense.  But we need to 



acknowledge that we are dealing with a fundamentally new kind of power, and figure out a way to make 
sure we use it wisely.  We are not currently equipped to do that and we have no time to lose.”

So:

Question:  What should be the role of governments in controlling these technologies?  Should it be 
national governments or international governments?  

Note: When you think about the answer to this question and the next one, think about the real 
possibility that an unregulated use of the techniques could logically lead to the creation of “designer 
babies.”  We would truly be entering the work of positive eugenics.

A quote from the author: “If the history of the last century taught us the dangers of empowering 
governments to determine genetic “fitness” then the question that confronts our current era is what 
happens when the poer devolves to the individual.

Question:  Do we (where “we” is the answer to the previous question) limit the use of these 
techniques to non-reproductive cells only?  Do we place limits on human applications or on all 
species?  

Note:  In the spring of 2015 a group of scientists, including one of the discoverers of CRISPR/Cas9, issued 
a joint statement seeking a moratorium the use of gene-editing and gene-altering technologies in the 
clinical setting and particularly in human embryonic stem (ES) cells.

 As of the time of the authors writing of his book (published this year), four groups in China are 
reportedly on working on introducing permanent mutations in human embryos.

Question:  Noting that humans have been responsible (and continue to be responsible) for the 
extinction of many animal species over the ages.  Should we prohibit initiatives that would eliminate 
insect carriers of diseases such as Zike or malaria or do we restrict the use to possible DNA changes 
that would permit the species to survive without being a carrier (white-footed mouse example)?




